The next step was an extensive study of the causes and effects of shrinkage of concrete. This led to methods of estimating stresses in reinforced concrete, due to the shrinkage of the concrete, for many different types under varying condi tions (Studies in reinforced concrete. II-Shrinkage stresses, B.R. T.P. no. 11, 1930) . In the second investigation it was found that the full shrinkage of the concrete was not effective. Another factor, creep, was present which caused the concrete to continue to deform with time when under applied stress. A special study followed and the relations between creep and other properties of the material were examined (Studies in reinforced concrete. I l l -Creep and flow of concrete under load, B.R. T.P. no. 12, 1930) .
Much information of a fundamental nature was obtained and methods of estimating not only the creep but the combined effects of creep and shrinkage were devised so that it became possible to visualize the changing conditions of stress which existed throughout the life of a reinforced concrete structure. In this later work Glanville was assisted by F. G. Thomas and in 1939 they published a joint paper on creep (Studies in reinforced concrete. IV-Further investigations on the creep and flow of concrete under load, B.R. T.P. no. 21, 1939) .
In 1931 a request was received from the London County Council for recom mendations which could form the basis of a Code of Practice for the use of reinforced concrete in building, similar to that already drawn up by the Steel Structures Research Committee for the use of structural steel. The Building Research Board set up a special committee to deal with the subject. All the information in the possession of the station, and particularly that accumulated by Glanville as a result of his researches, was placed at the disposal of the committee. 1933) . They sub sequently became the basis of the provisions regarding the use of reinforced concrete in buildings included in the by-laws adopted by the London County Council and later, in 1948, in the British Standards Code 114. Glanville collaborated with W. L. Scott, one of the most distinguished London consulting engineers of his day, in writing in 1934 a commentary on the new code, a book which is still the invaluable guide of every designer of reinforced concrete structures-it was revised with the help of F. G. Thomas in 1950. While the Reinforced Concrete Structures Committee based its recommenda tions on the researches already carried out at the Building Research Station it became clear, in the course of its work, that there were still many problems requiring investigation. Experience showed that in a simple member under normal practical conditions the tendency of concrete to flow under load had an appreciable effect on the magnitude of the stresses in the steel reinforcement and in the concrete. It was thought that in a redundant framework adjustment of the bending moments and shear forces might occur in such a way that failure of a weak section would be appreciably delayed. Glanville collaborated with Thomas in carrying out tests on continuous beams and small portal frames. They found that considerable increases in the apparent load-bearing capacities of these 94 redundant structures occurred as a result of either concrete creep, plastic deformation of the steel or a combination of both. The results were published in 1939 as B.R. T.P. no. 22 .
Its recommendations were published in 1933 {Report of the Reinforced Concrete Structures Committee of the Building Research Board with recommendations for a code of practice for the use of reinforced concrete in buildings,
During 1932 and for some years afterwards Glanville headed a team investigat ing the driving of concrete piles. Little information existed of the effect of driving conditions on the behaviour of a pile. There were no recognized standards for estimating the correct weight of hammer to be used, its height of drop and the amount and type of packing material to place on the head of the pile; the rules to which engineers worked were quite unreliable. Using piezo electric gauges, measurements were made of the stresses set up in reinforced piles during driving, the laboratory tests being supplemented by others on several building sites where driving conditions were particularly difficult. The results from the comprehensive investigation were published in the Journal of the Institution of Civil Engineers in October 1935 with notes on additional work in April 1936 and June 1938 .
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T he R oad Research L aboratory
By the time Glanville left the Building Research Station in 1936 to become Deputy Director of the D.S.I.R. Road Research Laboratory at Harmondsworth he had, by his pioneering fundamental work on the behaviour of that complex material reinforced concrete and of the structures built from it, established his reputation as a scientist. From then on he inevitably became more and more involved with administration and the directing of research, but he maintained a great interest in the work on reinforced concrete which was continued at the Building Research Station particularly in the redistribution of bending moments in redundant structures due to inelastic strains, the cracking of reinforced concrete under conditions of complete and incomplete restraint, the effect of the size of cracks on the corrosion of reinforcing steel, the bond and anchorage of reinforcement and the behaviour of long columns.
Some time before leaving the Building Research Station Glanville had undertaken for the Building Research Board a study of the behaviour of reinforced concrete road slabs under static loading conditions. This proved a useful link with the work of the Road Research Laboratory where his first concern was a detailed study of the factors contributing to the performance and life of concrete roads. These factors included the dimensions of the concrete slabs, the use of reinforcement, the design of joints to provide adequate load transfer between slabs, the control on site of the quality of the concrete and its constituents, the methods of mixing and laying the concrete to ensure a uniform quality, the use of 'dry concrete' and of the vibration techniques for its compac tion.
The performance of a concrete road, as with other types, is influenced by the nature of the support given to it by the sub-grade. While this had been appreciated for two thousand years or more it is less than sixty years since the engineering properties of soils were sufficiently quantified to permit the development of rational procedures for foundation design.
Following the first International Conference on Soil Mechanics held at Harvard in 1935 a small soil mechanics group had been set up at the Building Research Station. While that station and the Road Research Laboratory were under the common directorship of Dr Stradling, who had assumed responsibility for the latter in April 1933 , it was naturally envisaged that this group could take care of the application of soil mechanics to both building and road foundations. On Glanville's appointment as Deputy Director he took the view that there were such major differences between the mechanics of shallow foundations applicable to roads and those of deep building foundations that a separate soil mechanics section at the Road Research Laboratory was essential. This was set up in 1938 under the leadership of the late A. H. D. Markwick. Though a slight element of empire-building may have influenced the decision it was fully justified, as will be seen later, by the pressure of wartime problems.
Stradling and Glanville had been close colleagues since 1924. As their careers testify, they were both strong and determined characters. For the fifteen years they were together their collaboration was most fruitful. Stradling, as Director of Building Research, had given Glanville all possible facilities and support coupled with a great deal of independence. Glanville had reciprocated, doing all that a director could desire, by the production of brilliant research, but this was not accomplished without strained relations from time to time and it must have been a considerable relief to both men when Glanville succeeded Stradling as Director of the Road Research Laboratory in 1939 and so attained as much independence as is possible in a civil service post.
W artime activities
On the outbreak of war in September 1939 Glanville was attached to the Research and Experiments Department of the wartime Ministry of Home Security, at Princes Risborough, of which Stradling had been put in charge as Chief Scientific Adviser. However, as soon as it became clear that the expected enemy air attacks were not imminent, he returned to the Road Research Laboratory where his staff was active with the essential work of furnishing technical advice to the Air Ministry and the Ministry of Aircraft Production on the construction of concrete runways. In the course of this work, experts visited 280 sites and lectures and demonstrations were given to officers and N.C.Os from the constructional units of the fighting services.
This expert knowledge of road construction was also turned to good account in solving the construction problems of less orthodox airfields. Rapid methods were developed of preparing fighter airfields in forward operational areas. Where the soil was predominantly soft and wet a special material made of hessian impregnated with bitumen and known as 'prefabricated bituminized surfacing' or p.b.s. was evolved, in cooperation with the Canadian Royal Engineers, for covering the surface. Special machines were designed for laying 96 the p.b.s. so that an air strip, which would last for 4 months, could be covered in 24 hours. Some 60 million square yards of p.b.s. were manufactured in Great Britain and America; it was also produced in India for the Burma campaign.
The new soil mechanics section justified itself in many ways. Soil samples from operational theatres all over the world were examined. A typical case was that of a landing ground in Normandy for Typhoon aircraft. It was so dusty that the engine air-intakes of the machines became clogged so that the aircraft were unable to take off. The Normandy soil was 'copied' in the grounds of the Road Research Laboratory and a specification was rapidly supplied for a bituminized spray treatment that cured the trouble. The data on soils collected during these investigations were utilized by S.H.A.E.F. in planning strategy and in co ordinating the movement of armies with soil and ground conditions. They also influenced tank design. In collaboration with the Fighting Vehicles Research and Development Establishment, the maximum loading pressures beneath tank tracks which different types of soil could accept were established by field trials and the information was fed back into track design. Data collected after the war showed that, as a result of this work, British tank failures due to lack of traction were rare. As an extension of this work the shear characteristics of a wide range of British beaches under the tracks of military vehicles were studied so that Continental beaches could be classified prior to the invasion of Europe.
Other resources of the Road Research Laboratory were adapted to problems far removed from road construction. One of the most important was on the effects of explosives, in defence and attack, about which we were peculiarly ignorant at the outbreak of war. This began on small scale models as a service to the Research and Experiments Department, Ministry of Home Security. The basic rule of model testing was comparatively simple. In the absence of non-scaling factors a scale model built in the same material as the original would be damaged in the same way and to the same extent if the weight of the explosive was reduced by the cube of the scale ratio. The technique enabled information to be obtained on such diverse problems as the intensity of blast from exploding bombs and from guns, the protection of windows from bomb blast, the resistance of various materials to bomb fragments, the penetration of projectiles and the effects of various types of charges on structures such as bridges, anti-tank walls, pill-boxes, gun emplacements and the like.
One of Glanville's better known contributions in this field, since it was described in popular books and in a commercial film instructions of Wallis. This was unfair to the Laboratory, to Glanville and to Wallis's role as a cooperator in which he was always correct.
As early as October 1940 Wallis had persuaded the Ministry of Aircraft Production that the possibility of destroying a large dam was at least worth investigating. Wallis discussed the problem with Glanville who immediately undertook to make experiments with models. Until then model tests had only been made in cases where gravity effects had been unimportant. As both Mohne and Eder were gravity-type dams there was a significant doubt about the validity of any model tests and this had to be resolved before a firm forecast could be made. In planning the experiments it was assumed that the largest bomb available would have a charge weight of 6800 kg and, with the then current bomb sights, it would be unlikely that any bomb would fall closer than about 30-45 metres from the face of the dam even in a substantial attack. The tests made in the first stage of the investigation showed that within those limitations it was unlikely that the full-scale dam could be breached without using an even larger bomb or obtaining a closer strike. Nevertheless, work was continued because serious doubts remained about the scaling effects of gravity.
Towards the end of 1941 Stradling suggested that the small Nant-y-Gro Dam, built at the end of the last century to provide water for the construction of the Elan Valley Dams and no longer required, might be used to test the gravitational effects of scale. This was agreed and the first tests were designed to produce measurable damage without destroying the availability of Nant-y-Gro for further experiments. The results were almost exactly what had been expected. Crack damage to model and full-scale dams was very similar, although permanent movement on the full scale was markedly less than the scaled predictions and the rate of leakage was also comparatively less.
As the maximum damage so far caused in the Mohne models by an equivalent of any feasible attack was insufficient to empty the reservoir, a full-scale attack seemed certain to prove unsuccessful. However, it was thought advisable to investigate the effects of contact charges in case some means were found for placing them.
More Nant-y-Gro models were therefore tested with contact charges placed at different depths in the water. The results were spectacular-the models were almost completely destroyed. It was at this point that Glanville proposed a solution to the problem of allowing for the effects of gravity. He argued that in a pair of tests on different scales the stress effects and resultant cracking would be similar but that parts of the structure would begin to move at the same velocity in both model and prototype. This meant that in geometrically similar surroundings the parts would move through the same, rather than the scaled, distance. If, therefore, the movements on the model were subsequently reduced by the scale ratio, the model would reproduce the effect on the full scale.
This reasoning was convincing enough for the Nant-y-Gro Dam to be sacrificed in checking its accuracy. The result of the full-scale test was a breach which not only looked like the 'reassembled' model but was also close to the predicted size. Confidence in the testing techniques and in the forecasts made of the likely effects on the full scale were thus established. However, for success in a raid it was still essential to obtain a direct hit.
The proposed attack on the dams appeared to be dead until Wallis reappeared early in 1943 with news of his bouncing bomb and of authorization of an attack in May or June. He came to seek advice on the effect of water level. Further tests were therefore carried out to determine the tamping effect of the water and from them it was decided that, since after June the water level in the reservoir would be falling, there was every reason for making the attack in May or June at the latest. The attack took place on the night of 16-17 May 1943 and both the Mohne and Eder Dams were breached. Examination of the dams after the war showed that the R.R.L. forecast of the size of the breach was accurate to about 10%.
Another development in which Glanville was closely concerned was that of 'plastic protective plating', a stone-filled bituminous material in a thin steel casing, which gave slightly better protection against bomb and shell fragments of high velocity than an equal weight of steel armour and so helped to alleviate the heavy strain on steel supplies. Plastic protective plating was eventually used to protect the bridges and gun positions on almost all allied merchant ships.
T he Institution of Civil E ngineers
With the war over, Glanville turned the Laboratory back to its peace-time purpose. From then on his story is that of the road and what ran on it, for he devoted himself entirely to its problems. His thoughts after five years of post-war experience are reflected in his Presidential Address to the Institution of Civil Engineers in November 1950. He was, at 50 years of age, the youngest president ever elected. He was most conscious of this-not only of the honour that had come to him so early but of the opportunity of introducing, with youthful vigour, reforms which an older man would not be prepared to press. However, though his year of office passed pleasantly, he was disappointed at the little he accomplished-he was not the first young man to learn that our corporate bodies with their continuing secretariats and governing bodies are perfectly organized to restrain the enthusiasms, however sound, of the man who is in the chair for only one year.
He afterwards served the Institution faithfully, enthusiastically and effectively for many years as a Past-President but there is no doubt that his influence would have been greater had his year of office been deferred for ten or fifteen years. This was widely recognized; there was even a tentative move by some members of council to waive the Institution's rules and elect him later for a second term.
The topic of his Presidential Address was, inevitably, road research. As he said, practically the whole of his working life had been spent in research into the problems that confront the civil engineer; he must have been the first president who could, and dared to, say this. But, typically, he was unrepentant, saying: 'I am fortified by the words of our Royal Charter which defines our object as "the general advancement of mechanical science," for this surely expresses the whole aim and spirit of research.' Though his address was a forward-looking statement, to which reference will be made later, it will not be reviewed in detail at this point since it was, as it were, only an interim report of his work. He ended with remarks which reflect on his twenty-five years' experience of the Civil Service.
'But we must do our utmost to ensure that the engineer is given every opportunity to give of his best, in whatever capacity and in whatever part of the world he may be working. At home, a watchful eye must be kept for those who would erect artificial boundaries of responsibility and, in doing so, would so circumscribe him that his advice is lightly treated. It is of the greatest importance that technical advice should be given greater weight in formulating policies at high level-the responsible engineer should always be in a position to play his full and personal part in the reaching of decisions. His status should be such as to afford him a full opportunity of presenting the merits of his proposals-whether in private industry, in state industry, or in Government activities-to the body or persons holding the ultimate responsibility. Any other course, in a world in which efficiency counts for so much is the negation of common sense... These thoughts are closely linked with the thoughts expressed by Sir Henry Tizard* when he com pared, to our disadvantage, industrial success in Switzerland, Sweden and the United States and pointed out that they had a much greater proportion of men of high scientific education in control in their industries.'
B itum ino us materials
Though Glanville's early years had been devoted to the study of concrete and reinforced concrete, when he entered the world of roads he was forced to widen his interests to cover such materials as tar and bitumen compounds. In the Laboratory's early days, in cooperation with the then Ministry of Transport, experimental roads had been constructed as part of the ordinary road systems in various materials and dimensions. Though valuable information had been obtained in this way it was recognized that there were too many interacting variables-traffic stresses, temperature changes, long term attack by water, air and sunlight-for a rigorous study to be made. Glanville was responsible for his Laboratory adopting a radical new approach to the problem of the specification of bituminous mixtures. The solution he adopted was simple but original-to use the road itself as a laboratory, varying systematically those factors amenable to control and keeping others constant by conducting the experiment on a single uniform length of road. The largest experiment of this type was begun in 1939 on the Colnbrook Bypass where 800 different compositions were studied. The results obtained from this and similar experiments are incorporated in a number of British Standards, and all bituminous materials used in this country, and many abroad, have been developed or validated using this technique. At the same time, such properties of bituminous materials as were amenable to laboratory study were examined so that the results of the full-scale road experi ments could be explained and extrapolated. Much of our knowledge of the visco-elastic behaviour of materials, of the adhesion of organic binders to stone and of the chemical degradation of hydrocarbons by oxygen stems from research carried out under Glanville's direction.
In all this work close cooperation was maintained with industry and with the practising highway engineer who, by the end of 1947, were represented on an elaborate but effective system of fourteen committees; this ensured that results were applied quickly and with confidence. This unusual combination of scientific method and practical engineering sense was present in all Glanville's work and was the key to much of his success.
The methods described above were particularly useful in tackling wartime problems. The successful substitution of tar for imported bitumen in road surfacings, as a result of research carried out in cooperation with the British Road Tar Association, enabled roads to be maintained to relatively high standards. Specifications were developed for mastic asphalt and rolled asphalt that gave high resistance to indentation and disintegration by tank traffic, a serious problem in areas of concentration of armoured vehicles.
Special techniques for coating wet, locally occurring, gravels and sands were developed for building aerodrome runways in more remote parts of the country; four million square yards of 'wet sand mix' was laid, the greater part under the control of staff from the Laboratory. Incidentally a substitute devised for traffic-line paint, which it was impossible to make because of materials shortage, proved to be more than a war-time expedient since it developed into the 'plastic' white, and yellow, line which is now the standard material.
The Laboratory's interest in road safety will be dealt with later but it is appropriate to record here the effort expended in the later years of Glanville's directorship on developing safer, non-skid, road surfacings appropriate to modern high-performance vehicles. In particular the part played by the differential polishing of aggregates by tyres was highlighted. Specifications in use all over the world now recognize the need to limit aggregate polishing by suitable choice of stone. Similarly the contribution of surface texture to safety at high road speeds was established.
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S oil mechanics
The Soils Section, after the war in which it had given such versatile service, turned to the important task of introducing soil mechanics into the empirical methods of design and construction which existed around the road materials available in different parts of Britain. Glanville early appreciated that because of the comparatively low unit cost of road foundations compared with heavily loaded building foundations a different test philosophy was needed. He encouraged research centred round soil types rather than the detailed study of individual soils.
Such information relating to soil types used in conjunction with the soil survey data of a specific project enabled the design engineer to assess the strength, settlement and construction problems likely to be encountered. With this approach the properties of a wide range of British soils wrere studied and by 1952 sufficient information had been obtained to make the publication of a textbook Soil mechanics for engineers possible. It has remained in print ever since. A companion volume Concrete r o a d s , design and construction was i The work on soil compaction also had a major influence on the design of road building plant.
The necessary integration of the research on soil mechanics with the Laboratory's work on concrete and bituminous materials was carried out by a pavement design group. Its object was to introduce soil strength into design procedures correlating pavement thickness and traffic intensity. It resulted in the publication of A guide to the structural design of pavements for new roads in 1960; this is still in use, being revised at regular intervals.
R oad aggregates
Since many of the tests developed for road aggregates had much in common with those for coarse-grained soils, Glanville located them within the Soils Section, which thus provided a service for both the Bituminous and Concrete Sections. He saw the urgent need to classify road aggregates in terms of their engineering properties including strength, abrasion and skidding resistance. He organized fruitful cooperation w'ith the Geological Survey and within a few years samples from all quarries supplying significant quantities of road stone, including gravels, had been classified in terms of their engineering properties. This led in 1948 to the publication of the first edition of Sources of road aggregates in Great Britain which has been revised many times.
R oad safety
In the years immediately before World War II there was much concern about the growth of road accidents. Legislation was introduced on driving tests, speed limits and pedestrian crossings. In 1938-39 a Select Committee of the House of Lords under the chairmanship of Lord Alness considered what steps should be taken to reduce the number of casualties on the road. Among other things, the committee recommended that a Road Safety Research Board should be set up. At that time the Road Research Laboratory was limited by its terms of reference to problems associated with materials and methods of construction. As recorded earlier, a certain amount of work on the slipperiness of road surfaces had been done but that was all. Glanville, as Director of the Laboratory, was invited to prepare a memorandum on the Alness Report and on the possibility of widening the terms of references of his Laboratory to include road safety research. The outbreak of hostilities halted progress but in 1946 the Laboratory was enlarged so that a wider programme of work to include road safety and traffic flow' could be undertaken.
Glanville saw this change as a great opportunity to bring scientific method to bear on the problems in these subjects. As he wrote: 'Many opinions have been expressed as to the causes of road accidents, but the scientific worker must proceed by finding facts either in the laboratory or on the road before reaching his conclusions. Such facts will involve all recognized factors-road, vehicles, road user-and it is only by close liaison between the workers engaged in studying the various factors that properly balanced and valid conclusions will emerge. The facts will form the bricks with which a structure of safety can be built by the engineer, the administrator, the vehicle manufacturer and others. They will enable the choice between alternative methods of achieving accident reductions to be wisely made on the basis of reliable knowledge.'
The nature of a road influences the number and type of accidents occurring on it. Thus accident rates vary depending on whether a road is in a built-up or rural area, whether it is single or dual carriageway, on the presence of junctions, on the number of bends and hills and their severity, on speed limits and so on. Glanville and his coworkers set about attemping to evaluate the influence of these various features on accident rates.
One of the early problems tackled was the layout of junctions in rural areas on which the late Colonel Bennett, when county surveyor of Oxfordshire, had carried out pioneer work. Another major study was concerned with accident rates on dual carriageways including motorways, three-lane and two-lane roads, particularly in rural surroundings. This work demonstrated numerically the advantages to be derived from motorways compared with all-purpose roads in reduced accidents per vehicle-mile.
Glanville decided, after the war, that more effort should be devoted to the investigation of skidding since on wet roads over a quarter of all accidents involved skidding. Ability to resist skidding is determined mainly by the surface condition of the road, wet, dry or icy, the properties of the road surface and of the tyre. It is the wet road which poses the major problem to the motorist. Machines and various techniques were developed to assess the influence of the different factors. In one machine a test wheel was mounted in a vehicle in such a way that a quantity called the sideway force coefficient, a function of the skidding resistance, could be measured. By relating accidents and skidding resistance at a large number of sites and having regard to the influence of speed on skidding resistance it was possible to put forward desirable standards of skidding resistance. The research also led to a better understanding of the skidding process, of the lubricating effect of the water film, of the influence of road texture in expelling the film and of the part played by the tyre tread. Collabora tion between the Laboratory and Professor D. Tabor of Cambridge University revealed the importance of the resilience of tread rubber; the lower the resilience (that is the greater the hysteresis and energy loss in the rubber), the greater the resistance to skidding. This research led directly to the use of high hysteresis rubber in tyre treads.
Other vehicle problems studied were headlight dazzle and braking perform ance for which experiments were conducted on a specially built test track in the Laboratory. All this provided data for use in vehicle design and had a bearing on the introduction of vehicle testing and on the performance standards required. Related to this research was the nature of the injuries sustained in accidents. Early work showed up the vulnerability of motor cyclists to head injury and this led to developments in the design of safety helmets and to British Standards and legislation concerning the wearing of such helmets. To provide data about actual crashes, arrangements were made with certain police forces and hospitals for expert teams to visit the scene of accidents and to obtain details of damage to vehicles and injuries to their occupants. From this and other work, possibilities began to emerge for protecting vehicle occupants from injury particularly through the use of seat belts.
One surprise in this field was Glanville's omission to make use of the plastic deformation of steel as a most efficient and simple way of absorbing energy in crashes. His intimate relations with the Ministry of Home Security's Research and Experiments Department must have made him aware of its successful wartime applications in the design of air-raid shelters and other protective devices. It must be admitted that most engineers of his generation found some difficulty after the war in accepting a structural design method based on plastic behaviour since it postulated more than the linear relation between load and deflection on which their early education had been based, but this could hardly have been a stumbling block to the man who, as early as 1939, had completed pioneer research on moment redistribution in reinforced concrete frames. The team at Cambridge which had continued to work on plastic deformation was anxious to collaborate, hoping to produce highly efficient crash barriers to replace the heavy fences of foreign design and foreign steel which lined our roads, and to lead the world in the design of crash-resistant vehicles. All that resulted from the collaboration was a collapsible lamp-post, designed by one of the Cambridge team, which, as it happened, was not even based on the principle of plastic deformation.
High on the list of problems in Glanville's early programme of research on safety was that of the pedestrian in towns and in particular that of pedestrian crossings. These had been marked by studs in the road and Belisha beacons since 1934. It was considered that they were not sufficiently visible to the motorist and the Ministry of Transport tried a few experimental crossing markings to try to improve the situation. Glanville saw that there was a need for a more systematic approach. When he realized that full-scale investigations were proving difficult, he started experiments on the model scale and at once the now familiar zebra marking was discovered. This was introduced by the Ministry in 1951 and subsequent analysis showed that in the year after the new crossings came into use there was an 11% decrease in pedestrian fatalities and a 7% decrease in total pedestrian casualties. However, while the zebra crossing had helped it had not solved the problem of getting the pedestrians safely across the road. Further work was put in hand into the use of light-controlled crossings and pedestrian subways.
As Glanville said, 'the highway problem is above all a problem concerning the human being. Human problems join hands at every point with the statistics and dynamics of the construction and use of highways.' The behaviour of road users, their physical characteristics and their psychological attitudes were therefore all included in the research programmes of the Road Research Laboratory, several of which were carried out jointly with the Medical Research Council.
One of the more controversial aspects of road safety is that of speed and speed limits and a considerable amount of research was carried out to establish a clearer factual basis. Studies were made of the speeds of traffic on various kinds of roads and of accidents on these roads. While a high proportion of drivers do not limit their speeds in strict accordance with legal requirements, it was found that the imposition of speed limits had a marked effect in reducing the number of vehicles that travel at the higher speeds and also reduced the number of accidents. As a result of this work speed limits were imposed on motorways and other roads.
T raffic engineering
Traffic engineering, as defined by the Institution of Civil Engineers, is 'that part of engineering which deals with the traffic planning and design of roads; of frontage development and of parking facilities and with the control of traffic to provide safe, convenient and economic movement of vehicles and pedestrians'. This branch of engineering first appeared in the U.S.A. about sixty years ago and, though Sir Henry Maybury in his Presidential Address to the Institution of Civil Engineers in 1933 advocated its study, it was not until 1959 that the Institution agreed to cater for it. Glanville was a prime mover in this as he had long recognized the importance of the discipline.
Much of the early work at the Road Research Laboratory was concerned with developing methods and apparatus, such as automatic traffic counters, speed meters and sampling techniques, for studying traffic flow. Operational research methods were used in many investigations such as that on the effects of waiting restrictions and other regulations on traffic flow and speeds in London; other regulatory measures investigated were one-way workings, speed limits and halt signs.
A considerable amount of effort was devoted to investigations into the capacity of town streets, that is the amount of traffic which can pass along them, of rural roads, of signal-controlled intersections and of roundabouts. Sometimes the necessary control of variables was not practicable under actual road condi tions and the work had to be transferred to the Road Research Laboratory test track so as to assess more directly the influence of road width and traffic com position as well as signal timings. Another part of the study consisted of modelling on a digital computer the behaviour of simulated traffic at a signalcontrolled junction and using the model to compute delays. It was in this way that the standard manual for the timing of traffic signals was drawn up.
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The Laboratory undertook a series of experiments to provide data for estimating the capacity of large roundabouts. Glanville and his team played an important part in advising the Ministry of Transport and the London County Council on alternative schemes for the roundabout systems at Marble Arch and Hyde Park Corner. He was also invited by the Chief Engineer, Ministry of Transport, to help in the updating of standards of road layout to meet the changes brought about by the growth of traffic and was a member of the committee which made recommendations on direction signs in 1962, researches under his guidance having provided the necessary factual basis.
Road planning
From the outset Glanville was acutely aware of the need for resources to be properly deployed to meet the engineering, economic and social problems arising from the growth in the use of road transport both for passengers and goods. He was continually pressing for more facts and information on which to make rational decisions about investment in roads and other modes of transport. When it seemed likely that construction of the London-Birmingham motorway would be authorized but before the decision was finally taken, he began a research, in collaboration with Gilbert Walker of the University of Birmingham and with the cooperation of the Ministry of Transport, to make an assessment of the likely effects on traffic of constructing the motorway and of the probable economic benefits to be expected from it. This was a pioneer investigation in this country and the methods evolved in the study led to those in use at the present time for assessing road projects of a similar nature.
It would be tedious to attempt to list all the activities of the Road Research Laboratory in which Glanville played a direct part. It would in addition be unrewarding since, while his influence was widely felt, it was his policy to recruit good men, to guide them to a problem and then to leave them to get on with it. All sections were near his heart including the Special Problems Section, which arose largely from the Laboratory's wartime work, and served all with the development of special instruments and techniques. However, major develop ments continued to be his own such as the establishment, in 1949, of a Scottish Branch of the Laboratory. This might have started as a policitical gesture, but it undoubtedly proved of great value to Scottish engineers and planners. Another was the Bridge Section set up in 1952 to deal with the specific problems of bridge designing and building which would arise with the advent of the motorway building programme which, ten years later, generated highway bridge building on an unprecedented scale.
A ctivities overseas
Glanville's interests were broad. His world-wide travels convinced him that much of the research he was directing on the road transport problems of the United Kingdom had application overseas, particularly in the developing countries of the Third World. He early saw that improved transport, particularly roads, was a vital need if they were to achieve the higher living standards for which they were striving. This interest was intensified by the desire of the Colonial Office to ensure that colonial development and welfare funds for road development were well used.
As a first step Glanville appointed a Colonial Liaison Officer at the Laboratory to form a link between the field engineers abroad and the research workers at the Laboratory.
He quickly appreciated, however, that a simple transfer of technology developed to meet United Kingdom needs was inadequate. The problems in less-developed countries were different in nature due to the marked differences in physical and socio-economic environment. He therefore, in 1955, persuaded the Colonial Office to set up and finance a special section-the Colonial Section-to carry out research specifically on developing country problems. The section rapidly established an effectiveness that was widely recognized. As more countries moved towards independence the pressures for advice and technical aid actually grew and widened to include transport planning and the deployment of scarce resources in developing transport systems. To meet these needs the work was reoriented and the name of the section changed to the Tropical Section.
The Tropical Section was a major contributor to another of Glanville's endeavours to spread the results of the work of his Laboratory. He was Chairman of a Committee of the Institution of Civil Engineers that organized a highly successful biennial conference on 'Civil engineering problems overseas' which met in London to encourage discussion between British civil engineers active abroad and their counterparts from overseas countries. In addition he instituted, and presided over, a Round Table Conference where 
Retirement
In 1965, having reached the age of 65, he retired from the Directorship of the Road Research Laboratory but he did not stop work. His interest in roads continued unabated. He set up a consulting practice-one of his appointments must have given him great pleasure, that of consultant to a firm of civil and structural consulting engineers of which his son was senior partner-and acted as arbitrator in a number of technical legal cases and as expert witness on behalf of the Ministry of Transport and the Department of the Environment in a number of road accident cases. As will be gathered from some of the dates given in an earlier paragraph, his interest in the international field continued. In fact it grew, because immediately on his retirement from Government service he was asked by the President of the International Road Federation to serve as a consultant. For ten years he played a major part in the federation's organization of the World Survey of Current Research on roads and road transport, which covered 72 countries.
His interest in engineering structures continued throughout his life. For many years he was a member of the Civil Engineering Research Council, which in 1964 became the Civil Engineering Research Association, on the council of which he served, and later the Construction Industry Research and Information Association of which he was Chairman of the Information Committee. On the day before he died he attended, and played a major role in, a small meeting of those specially concerned with the future of concrete technology.
He was fortunate to be active and influential to the last since he was a most conscientious and single-minded man. Apart from his family, to whom he was devoted-he had married Millicent Patience Carr in 1930 and had one son and one daughter-his whole life and every thought was dedicated to engineering and engineering research. As he often said, his hobby was engineering and he realized how fortunate he had been to be paid to spend his whole time on his hobby; even his principal social relaxation was to be with his fellow engineer members of the Smeatonian Society of Civil Engineers, a dining club of which he was president in 1969.
He had a host of professional colleagues and many friends, but he was not an easy man to know. He had a commanding appearance and a natural dignity. He was endowed with great gifts by nature and was clearly born to lead. A shy exterior made some think him distant or remote, but those in close contact with him knew that nothing could be further from the truth. He combined great dignity and courtesy with modesty and sympathy. He took infinite pains to make personal contact as worth while and valuable as he could and he gathered round him a remarkable band of colleagues. He had a wonderful faculty for drawing the best out of the men who worked with him; once he captured their loyalty and affection he held it to the end.
He was certainly a shy man. Some of his reserve may have been due to nervousness-he said that he never slept the night before a meeting of the Road Research Board-which he cloaked with quiet placid dignity. He moved slowly, sat still and spoke slowly and quietly even when criticizing but he was certainly not pompous. He enjoyed the company of his close friends and at parties took pleasure in their clowning, but there was never any suggestion that he should enter the circus ring himself. Typically, he was conscientious in attending staff functions and took the occasional joke against himself in good part.
It was perhaps a combination of nervousness, high intelligence and great perception in technical matters that created the tension that drove him to seek truth and excellence in everything for which he was responsible. He may not have always been well liked by those outside his organization, who saw his dedication to his own Laboratory as an over-strong determination to succeed personally at the expense of others, but to his intimate associates it was clear that he never sought power for its own sake, for when he had it he exercised it sparingly.
It was also probably his sense of responsibility that made him rather formid able to many members of his staff but it also made him a very loyal chief who, outside the Laboratory, would always praise and defend those who worked for him. This was generally recognized and the esteem and affection in which he was held is illustrated by a story told by Sir William Harris in his address at the Memorial Service held at St Margaret's Church, Westminster, on 2 November 1976. It appears that on one memorable occasion when his own Staff Side called for a full Whitley Council meeting of the Department of Scientific and Industrial Research to complain of some official line he had taken, the chairman of the Staff Side informed Sir Harry Melville, who was chairing the meeting, that he was instructed by his members to make a statement before proceeding with the complaint. What he was instructed to say was 'that if ever a man was loved by the whole of his staff, that man is William Glanville'.
The qualities required for a leader and director of research are not the same as those needed in a good research worker. Glanville, however, succeeded in both roles. He always seemed to know what he was doing and why he was doing it.
He received many honours and distinctions. The photograph is by G. Argent.
